Synopsis The fossil record indicates that crinoids have exhibited remarkable regenerative abilities since their origin in the Ordovician, abilities that they likely inherited from stem-group echinoderms. Regeneration in extant and fossil crinoids is recognized by abrupt differences in the size of abutting plates, aberrant branching patterns, and discontinuities in carbon isotopes. While recovery is common, not all lost body parts can be regenerated; filling plates and overgrowths are evidence of non-regenerative healing. Considering them as a whole, Paleozoic crinoids exhibit the same range of regenerative and non-regenerative healing as Recent crinoids. For example, Paleozoic and extant crinoids show evidence of crown regeneration and stalk regrowth, which can occur only if the entoneural nerve center (chambered organ) remains intact. One group of Paleozoic crinoids, the camerates, may be an exception in that they probably could not regenerate their complex calyx-plating arrangements, including arm facets, but their calyxes could be healed with reparative plates. With that exception, and despite evidence for increases in predation pressure, there is no compelling evidence that crinoids have changed though time in their ability to recover from wounds. Finally, although crinoid appendages may be lost as a consequence of severe abiotic stress and through ontogenetic development, spatiotemporal changes in the intensity and frequency of biotic interactions, especially direct attacks, are the most likely explanation for observed patterns of regeneration and autotomy in crinoids.
Introduction
Extant echinoderms have remarkable regeneration and autotomy abilities (see Emson and Wilkie 1980; Dolmatov 1999; Wilkie 2001; Candia Carnevali 2006 for reviews) . For example, crinoids and holothurians may regrow entire autotomized viscera (Meyer 1988; García-Arrarás et al. 1998; Byrne 2001; Shukalyuk and Dolmatov 2001; Mozzi et al 2006) , some asteroids, holothurians, and ophiuroids may reproduce asexually through fission or autotomy, followed by restoration of the missing body parts (Rideout 1978; Rubilar et al. 2005; Lee et al. 2008) , and most echinoderms may regrow lost appendages (Dubois and Ameye 2001; Thorndyke et al. 2003; Kondo and Akasaka 2010) . As deuterostomes, echinoderms also possess developmental patterns and processes similar to vertebrates, making them valuable subjects for biomedical science (San Miguel-Ruiz and García-Arrarás 2007; Mashanov et al. 2008) . Their nearly 500-million year-fossil record also makes them an exceptional group for studies of evolutionary morphology and ecology (Baumiller 2008) .
Crinoids, commonly known as (stalked) sea lilies and (stalkless) feather stars, represent the most ancient class of living echinoderms (Smith 1997) , and their fossils preserve evidence of damage and recovery throughout their history (Dolmatov 1999; Oji 2001; Gahn 2003, 2004) . As early as 1821, Miller, who defined the Crinoidea, illustrated and discussed regeneration within the class, but despite its early recognition and common occurrence among living crinoids (Meyer 1985) , relatively few examples of regeneration among fossil crinoids have appeared in the literature. In Oji's (2001) review of echinoderm regeneration in the fossil record, only 10 published examples of crinoid regeneration are listed with three additional examples provided by the author. Among those published reports, the majority represents regeneration of the arms. While the paucity of published data on regeneration in the crinoid fossil record might suggest that this phenomenon was rare in the past, a growing body of evidence indicates otherwise-fossil crinoids with regenerating body parts occur frequently throughout the history of the clade and include examples from nearly all parts of the crinoid skeleton.
In addition to publications that highlight regenerated specimens, considerable attention has been given to crinoids' abilities to automize, or actively shed, body parts (Emson and Wilkie 1980; Oji and Okamoto 1994; Wilkie 2001; Baumiller 2008) . Some groups of living crinoids (e.g., comatulids and isocrinids) possess specialized skeletal articulations that facilitate the shedding and regrowth of their arms and stems (Wilkie 2001) , and living comatulid (stalkless) crinoids have the ability to autotomize and regenerate their viscera (Meyer 1988; Mozzi et al. 2006) . Generally, regeneration and autotomy abilities have been explained as consequences of predation, but they are not the only purported evolutionary and ecological responses to such interactions. Other hypothesized reactions include (1) the evolution of thicker plates and increased spinosity among Paleozoic crinoids during the Middle Paleozoic Marine Revolution (Signor and Brett 1984; Brett and Walker 2002; Baumiller and Gahn 2004) ; (2) evolutionary morphology of arm branching patterns (Oji and Okamoto 1994; Baumiller 2008) ; (3) offshore displacement of stalked crinoids during the Mesozoic Marine Revolution (Bottjer and Jablonski 1988) ; and (4) the evolution of increased mobility in isocrinids and comatulids, including their ability to crawl and comatulids' potential for swimming (Meyer and Macurda 1977; Vermeij 1977; Baumiller et al. 2010) .
The fossil record indicates that crinoids have had the ability to regenerate since their origin in the Ordovician (Ausich and Baumiller 1993; Dolmatov 1999; Baumiller and Gahn 2004) , and personal observations suggest that they share these abilities with stem-group echinoderms; Cambrian carpoids and eocrinoids show evidence of regeneration (Fig. 1) . The origination of autotomy abilities is more difficult to evaluate, largely because that potential may have preceded clear skeletal specialization for voluntary shedding (Baumiller 2008) . Considering that most extant crinoids exhibit remarkable powers of regeneration and autotomy, and that many evolutionary and ecological observations of crinoids have been explained as a consequence of increasing predation pressure through time, one might expect that the ability of crinoids to regenerate and autotomize has changed in concert. However, little heed has been given to the evolutionary history of crinoids' capacity for regeneration or autotomy.
One goal of this contribution is to provide a preliminary assessment of the evolutionary history of crinoids' regeneration abilities through the Phanerozoic. Because regeneration is often overlooked, we first address the recognition of regeneration in fossil and Recent crinoids, which also serves to illustrate their historical range of recuperative powers. We discuss the evolutionary and ecological consequences of regeneration patterns in fossil and living crinoids, arguing that spatiotemporal differences in modes and intensities of predation provide the best explanation for observed historical changes in regeneration frequency.
Although regeneration and autotomy are tightly linked, deciphering the history of autotomy in crinoids is more difficult than assessing recovery potential. Specialized autotomy articulations (cryptosyzygies and syzygies) in post-Paleozoic crinoids are easily recognized, and it has been generally assumed that autotomy is a relatively recent ability among crinoids. However, we now have compelling evidence that some, if not most, Paleozoic crinoids could actively shed body parts, but we restrict the current discussion to regenerative and reparative healing; the evolutionary history of autotomy will be treated elsewhere.
The specimens illustrated in this article are from various museum and university collections, as is indicated by the following abbreviations: BC, Beloit College Beane Collection; BYUI, Brigham Young University-Idaho, Department of Geology; FMNH, The Field Museum of Natural History; USNM, the United States National Museum (Smithsonian Institution, National Museum of Natural History); UMMP, The University of Michigan Museum of Paleontology.
Recognizing regeneration among crinoids
Despite the few published reports of fossil crinoid regeneration prior to the 21st century, regenerated fossil crinoids are common, but often overlooked (Baumiller and Gahn 2003) . Recent work has revealed up to 13% regeneration frequency (F r ) among some fossil crinoid faunas, with individual species having as high as 27% F r , and possibly as high as 91% when accounting for sampling and preservational biases (Baumiller and Gahn 2004; Gahn and Baumiller 2005) . In these studies, attention largely focused on arm regeneration because it is the most commonly observed form of damage and recovery. However, regeneration occurs in all parts of the crinoid skeleton, and it can be recognized by irregularities in ossicle size, branching patterns, and isotopic composition. Instances of non-regenerative recovery, in the form of filling plates or calcified overgrowths, are also recognized.
Size discontinuities
Discontinuities in size within crinoid skeletal plates (ossicles) and among adjacent plates are the most commonly used indicator of regeneration among crinoids (Fig. 2) . Likewise, unusually small appendages often signal recovery. Size discontinuities are mostly found in the arms, but they also occur among pinnules, calyx plates, anal structures (i.e., tubes and sacs), stalks, and cirri (Miller 1821; Strimple and Frest 1979; Lane 1984; Gahn and Baumiller 2005) .
Within the calyx, plates and associated spines may exhibit regeneration (Hattin 1958; Burke 1973; Baumiller and Gahn 2003) . Such repair typically follows mechanical fracturing that results in the recovery of plate margins and spine tips, as has been observed among echinoids (Ameye and Dubois 1995; Dubois and Ameye 2001; Bonasoro et al. 2004) . Moreover, small filling or reparative plates are sometimes associated with damage and recovery of the calyx, but as discussed below, these may not represent true regeneration.
A specimen of Dorycrinus missouriensis (Shumard 1855) represents a particularly striking example of mechanical damage and regeneration in a crinoid calyx (Fig. 3 ). This species typically has five pronounced radial dome spines, hypothesized to have served for defense (Meyer and Ausich 1983; Signor and Brett 1984) . The figured specimen ( Fig. 3B ) was subject to severe trauma, presumably a bite from an unknown predator, which resulted in the damage of at least two spines and the removal of a large portion of the posterior interray. This crinoid clearly survived the injury as is indicated by plate regeneration, in addition to the presence of filling plates (see below).
As long as the aboral nerve (entoneural) center near the base of the calyx remains intact, regeneration of the entire crinoid crown may occur following near decapitation. Amemiya and Oji (1992) demonstrated this experimentally, and it has been recognized to occur in natural populations (Bourseau et al. 1991; Meyer 1985) . At least some crinoids have had the ability to recover from such extreme trauma since the Paleozoic. Springer (1920) illustrated a specimen of Taxocrinus colletti (White 1881) in which the entire crown, with the exception of the infrabasal circlet and part of a single basal plate, was lost and successfully regenerated ( Fig. 4B and C).
There are only a few published examples of stalk recovery in crinoids, extinct or extant. For example, Strimple and Frest (1979) figured two specimens of a Pennsylvanian flexible crinoid, Euonychocrinus simplex (Strimple and Moore 1971) , which had been separated from their stalks and had successfully restored a few columnals. Ausich and Baumiller (1993) reported possible regrowth in a single, atypical Ordovician stalk composed of numerous, irregularly arranged plates. However, although the specimen figured by Ausich and Baumiller seemingly recuperated a portion of the stalk, there is no evidence of crown recovery, and as correctly suggested by Oji (2001) , it should not be considered a legitimate example of regeneration. Moreover, because stalk replacement generally proceeds as a continuation of normal development from the base of the calyx, it may not represent true regeneration, but rather simple regrowth (Nakano et al. 2004 ). The regenerated arm to the immediate left of the right-most arrow in each image occurs on a fractured brachial, the regenerated arm to the right of the leftmost arrow in each image occurs on a seemingly undamaged brachial, and the central regenerating arm in (B) (which is also the most fully developed regenerating arm in that specimen) occurs on a plate articulation specialized for autotomy (cryptosyzygy). These images demonstrate that (1) regeneration may occur on unfractured and fractured brachials alike; (2) loss of an arm does not always occur on specialized autotomy planes, even in taxa that bear them (e.g., Metacrinus); and that (3) Paleozoic and extant crinoids show similar regenerative abilities. Scale bars ¼ 1 cm 
Aberrant branching
Occasionally, crinoids may regenerate two or more appendages in place of one. This is especially true of their arms (Ubaghs 1978; Oji 2001 ), but has also been observed among the anal tubes of Paleozoic camerate crinoids (Fig. 5 , see also Wachsmuth and Springer 1897, pl. 4) . One hypothesis to explain this phenomenon is that aberrant branching may result from the mechanical fracturing of an ossicle, followed by the initiation of multiple regeneration sites. This hypothesis could be tested experimentally in the arms of living crinoids by producing irregular mechanical fractures through the brachials.
Multiple branches from a single ossicle may occur on the fractured brachials (arm plates) of fossil crinoids. Gahn and Baumiller (2005) figured a specimen of Holcocrinus longicirrifer (Wachsmuth and Springer 1889) in which the primaxil, the plate supporting the first arm division, was mechanically damaged. Rather than repair the plate and regenerate a new arm, the crinoid produced a second primaxil and corresponding pair of arms. Faulty regeneration has also been used to explain skeletal variation in living isocrinids. Oji (1986) noted that skeletal (primibrachial) variation increases with size in Metacrinus rotundus (Carpenter 1884) , possibly because of the accumulation of inaccurate recuperations over time.
Isotopes
Depending on the extent of the damage, crinoid arms may fully regenerate within a few weeks to many months (Mladenov 1983 ; personal observations); thus, the history of regenerative events . Arrows indicate the boundary between the basal and infrabasal plate circlets (the latter is mostly within the stem facet), which roughly corresponds to the regeneration plane in (B and C). The regenerated specimen (USNM S8910) lost the entire infra-basal circlet and all but a single basal plate (b), which was mechanically fractured. This specimen demonstrates that flexible crinoids (and presumably cladids) could regenerate entire crowns as long as the aboral nerve center is undamaged. See Springer 1920, p. 402-3 and pl. 56, Fig. 11c for a plate diagram and further discussion of USNM S8910. Scale bars ¼ 1 cm within a single individual is difficult to quantify. Oji's (1986) analysis of M. rotundus suggests that individuals may experience numerous regenerative events during their lifetimes, and that these events may be recorded as irregularities in crinoid skeletons. A more direct measure of the regenerative histories of individual crinoids may be possible through isotopic analysis. Despite strong vital and environmental effects for the carbon and oxygen isotopic values of crinoid skeletal elements, demonstrated that 13 C values might be used to identify regeneration in crinoids, even when no other evidence for regeneration is apparent (i.e., restoration is complete). The approach involved comparing 13 C values of adjacent arm plates. Generally, differences in 13 C values of brachials were small; however, when comparisons were made across articulations where regeneration had occurred, differences in 13 C values were much larger (Fig. 6) . Isotopic analysis of crinoid skeletons may provide a tool for studying the history of regeneration in single individuals, thereby revealing new insights into the frequency and magnitude of regenerative events at the scale of crinoid lifetimes. Although this approach is 
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in its infancy and has yet to be applied to fossil crinoids, diagenetic overprinting of skeletal material may prove to be a substantial obstacle for using isotopes to study regeneration in the geologic past.
Filling plates
True regeneration should result in the complete restoration of missing body parts; thus, instances of non-regenerated, but healed, damage provide insights into the limits of crinoids' abilities to recover from injuries. One method of non-regenerative repair is the production of small filling or reparative plates (platelets) as have been reported to occur in the mechanically damaged tests of echinoids (Ameye and Dubois 1995; Bonasoro et al. 2004 ). Such repair also characterizes the specimen of D. missouriensis (Fig. 3B ) mentioned previously. The gaping wound in the posterior interray of that specimen does not show evidence of regeneration; rather, reparative plates are found around the margin of the injury. These plates are unusually small, irregularly arranged, and unfused at their margins. Although this individual may not have survived long enough for the wound to heal entirely, Wachsmuth and Springer (1897, pl. 4, Fig. 13 ) figured and discussed a specimen of Eutrochocrinus christyi (Shumard 1855 ) that fully recovered through the deposition of filling plates. In that specimen, the arm facets and calyx plates associated with the C-ray and adjacent portions of the B-and D-rays suffered injury but did not regenerate-new arm facets and regular calyx plating were not regained; instead the area healed over with an irregular mosaic of plates (Fig. 7) . A specimen of Staphylocrinus bulgeri Burdick and Strimple 1969 provides a third and very unusual example of damage (Fig. 8) . In that specimen, an entire basal plate appears to have been lost without injury to adjacent plates, as if it had simply popped out, and the wound was filled with reparative plates. However, in the plate's center and near its upper margin, several of the platelets appear to have fused into a single, larger plate. This may indicate that the reparative plates had begun to fuse into a single basal plate, which if completed, would have represented a case of true regeneration.
Finally, reparative plates have been reported from a crinoid stem facet. McIntosh and Schreiber (1971, pl. 1, Figs. 11-15) presented a specimen of Ancyrocrinus bulbosus (Hall 1862 ) from the Devonian Ludlowville Formation (New York) in which the entire stem facet was filled with reparative plates. In that specimen, the stalk was presumably separated from the crown, which was not fatal to the crinoid. We are not aware of any extant crinoids in which such reparative plates have been recognized in the stem facet or elsewhere.
Overgrowths
Another form of non-regenerative healing is the development of skeletal overgrowths or calluses. These have mostly been reported to occur in crinoids' stalks (Donovan and Pawson 1997; Donovan and Schmidt 2001 ), but they also occur among (A and B) . Moreover, the damage and subsequent regeneration likely generated an additional (or bifurcating) anal tube, a (A and C). The completely closed wound was sealed with relatively small, irregularly arranged filling plates (7C). As in Fig. 3B , this specimen suggests that camerates could not regenerate their complex calyx plate arrangements or arm facets. Scale bars ¼ 1 cm crinoids' arms (Candia Carnevali and Bonasoro 1995) and pinnules (personal observations). Donovan and Pawson (1997) recognized two types of non-regenerative healing in the stalks of the extant bathycrinid Democrinus chuni (Döderlein) 1907, both of which involved the loss of crowns. In the first type, crown loss was associated with the development of a holdfast-like termination, and in the more common second type, a rounded, sometimes multiplated callus or gall formed over the decapitated stalk. In both cases, the axial canals of the stalks were infilled and overgrown by biogenic calcite. Similar overgrowths have been observed on the proximal columnals of autotomized isocrinid stalks (Roux 1974; Emson and Wilkie 1980) . Overgrowths have been recognized on crinoid stalks from fossils as old as the Ordovician, variably interpreted as being associated with the distal (Warn and Strimple 1977) and proximal (Donovan and Schmidt 2001) end of the animals.
The entoneural nerve center (or chambered organ), located at the base of the crinoid crown, is likely responsible for regulating regeneration in both the crown and stalk (Przibram 1901; Nakano et al. 2004) . If this nerve center is damaged, neither the crown nor the stalk may regenerate. Thus, instances of proximal stalk overgrowths likely result from the complete removal of the crown. Experimental studies on M. rotundus, in which stalks were entirely removed, demonstrate that stalks may regrow from the crown base as long as the aboral nerve center remains intact (Nakano et al. 2004 ). However, after eight months in aquaria, the stalks lacked evidence of regeneration and, curiously, they exhibited no overgrowths.
Evolution of crinoid regeneration
The previous section illustrates several important points about regeneration in crinoids: (1) crinoids have exhibited a wide range of regenerative abilities since their appearance in the fossil record; (2) regeneration is common among fossil and living crinoids; (3) regeneration may occur in all parts of the crinoid skeleton, but it occurs most commonly among the arms; and (4) crinoids may experience injuries from which they may recover, but not truly regenerate, as long as the aboral never center is unimpaired.
The oldest undisputed crinoids are from the Early Ordovician Sprinkle 2003, 2009) . During this period, crinoids show evidence of damage and recovery (Springer 1920; Warn and Strimple 1977; Ausich and Baumiller 1993; Donovan and Schmidt 2001; Baumiller and Gahn 2004) ; and, as was suggested previously, their capacity to regenerate was likely inherited from stemgroup echinoderms and did not evolve independently within the Crinoidea. With the aim of understanding the evolutionary history of crinoid regeneration, questions of primary interest relate to if, and how, crinoid regenerative abilities have changed through time. The answer, simply stated, is that there is no unambiguous evidence that crinoids, as a whole, have changed in their abilities to regenerate, even with increasing predation pressure through the Phanerozoic (Vermeij 1977; Kowalewski and Kelley 2002; Kelley et al. 2003) . At high-taxonomic levels, there are some notable differences in crinoids' regenerative abilities, but it is not clear that these changed through time within each clade. As discussed previously, there is no evidence that camerate crinoids could fully regenerate their crowns following severe trauma, even if the aboral nerve center was undamaged (Figs. 3B  and 7) . In contrast, regenerative abilities of the crown were present in flexibles (Fig. 4B and C) as they are in articulates (Amemiya and Oji 1992) . Presumably, the ancestor of both flexibles and articulates, the cladids, also had the ability to regenerate entire crowns, but fossil evidence for this is so far lacking. Additionally, we are not aware of any examples of reparative plates in articulates. Their absence in this group may be explained by articulates' remarkable ability to regenerate the crown. Rather than heal damage via reparative plates, articulates may regenerate fully. Such potential for recovery would indeed represent an increase in regenerative ability, if it could be demonstrated that the poorer recovery power of camerates represented the primitive condition among crinoids.
Causes of crinoid regeneration
Although predation is the most frequently cited cause of injury to crinoids (Ausich and Meyer 1983; Baumiller and Gahn 2003) , it is not the only culprit. Other explanations include abiotic mechanical damage such as extreme fluid-flow velocities that might be generated by large storms, or other environmental stresses such as rapid fluctuations in salinity or temperature that might induce autotomy. In aquaria, crinoids have also been observed to autotomize arms, viscera, and cirri for various reasons, including stress from translocation, poor water quality, and starvation. In experiments designed to determine the range of abiotic physical conditions that might cause breakage and autotomy in extant crinoids, Baumiller (2003) found that while appendage loss may occur, it does so only in situations that are unlikely to be experienced by crinoids in natural settings.
Crinoids' arms are also shed through ontogenetic processes. Some crinoids may increase the number of their arms by autotomizing them, replacing each shed arm with a pair of newly regenerated arms, in effect, doubling the number. This form of ontogentetic arm loss and replacement is known as 'augmentive regeneration' (Breimer and Lane 1978; Ubaghs 1978) and occurs in some articulates (Minkert 1905; Clark 1910; Roux 1976; Emson and Wilkie 1980 ) and possibly in some Paleozoic crinoids (Ubaghs 1978, Fig. 114) .
Despite evidence that loss and regeneration of arms occur as a consequence of abiotic stimuli and through ontogeny, most damage and recovery results from biotic interactions. Direct attacks on crinoids by fishes, echinoids, and other predators have been observed in the wild (see Baumiller and Gahn 2003; Gahn and Baumiller 2005; Baumiller 2008 for reviews) and in aquaria (personal observations). Moreover, patterns of regeneration frequency (Baumiller and Gahn 2004; Gahn and Baumiller 2005) , arm branching (Oji and Okamoto 1994; Baumiller 2008) , and traces of preserved echinoid bites (Baumiller et al. 2010 ) are consistent with a scenario of predation as a significant driver of crinoid evolutionary morphology and ecology.
Although there is little evidence that regenerative abilities have changed through time, there is clear evidence that frequency of regeneration has changed. Baumiller and Gahn (2004) demonstrated that the frequency with which arms were regenerated changed from 1-4% of individuals with at least one regenerating arm during the lower Paleozoic (Ordovician-Silurian) to 9-13% in the middle to late Paleozoic. Among living crinoids, regeneration is more common, with some species showing 100% of individuals with at least one regenerating arm (Meyer 1985; personal observations) .
Accompanying the temporal increase in regeneration frequency is an increase in crinoid plate spinosity and thickness, in addition to the diversification of durophagous predators (i.e., shell-crushing fish and arthropods) during the Middle Paleozoic Marine Revolution (Signor and Brett 1984; Brett and Walker 2002; Baumiller and Gahn 2004) . However, patterns of regeneration frequency, spinosity, plate thickness, and arm branching are not consistent across major crinoid clades. For example, during the Middle Paleozoic Marine Revolution, camerates demonstrated much higher regeneration frequencies than did non-camerates (Fig. 9) . This change is paralleled by differences in arm branch morphology. Oji and Okamoto (1994) generalized crinoids' arm-branching patterns into two end membersthe harvesting and anti-predation paradigms (Fig. 9) . In the harvesting model, crinoid arms bear numerous, evenly spaced branches that maximize food gathering capabilities, and in the anti-predation model, arm branching occurs only within the calyx or proximal arms and thus minimizes loss due to predation. Essentially, under the anti-predation model, crinoids sacrifice harvesting abilities and thereby lessen damage from attacks. Data on regeneration of arms by Paleozoic crinoids indicate that camerates have significantly higher regeneration frequencies than do noncamerates (e.g., cladids) through the middle Paleozoic (Fig. 9) . Additionally, observational evidence indicates that camerates also show a greater proportion of species that conform to the anti-predation paradigm. At the same time, non-camerates, which experience much lower frequencies of regeneration, are dominated by taxa with arm branching patterns that are more consistent with the harvesting model. It is not until camerate diversity and abundance are greatly reduced in the late Paleozoic that other crinoids show similarly high frequencies of arm regeneration or have greater proportions of taxa with arm branching patterns consistent with the anti-predation paradigm. Ultimately, the camerates were eliminated in the end-Permian mass extinction. Following this event, the articulates, which evolved from Paleozoic cladids, rose to dominance among crinoid faunas and represent the only extant crinoid clade. It is among the Articulata that we observe the highest rates of regeneration frequency, advanced autotomy planes that minimize damage and maximize escape from predators, muscular articulations that increase mobility, including the ability to swim and crawl, and perhaps, enhanced regenerative abilities. Fig. 9 Patterns of arm regeneration frequency for Paleozoic crinoids. Data represent the frequency of crinoids with at least one regenerating arm, based on nearly 2500 specimens from 11 localities distributed through the Ordovician-Pennsylvanian Periods (Baumiller and Gahn 2004) . Solid line represents non-camerate regeneration frequency; dashed line indicates regeneration for camerates. Typical camerate and non-camerate crinoids are shown to illustrate differences in branching patterns of arms. Error bars correspond to one standard error. Note that for both groups regeneration frequency of arms increases significantly during the Devonian and remains relatively high throughout the rest of the Paleozoic. Non-camerate (mostly cladid) regeneration frequency shows a gradual increase through the Paleozoic and never reaches levels seen in camerates.
